Open reduction of the prominence at the femoral head-neck junction in femoroacetabular impingement has become an established treatment for this condition. We report our experience of arthroscopically-assisted treatment of femoroacetabular impingement secondary to paediatric hip disease in 14 hips in 13 consecutive patients (seven women, six men) with a mean age of 30.6 years (24 to 39) at the time of surgery. The mean follow-up was 2.5 years (2 to 4). Radiologically, 13 hips had successful restoration of the normal geometry and only one had a residual deformity. The mean increase in the Western Ontario McMasters Osteoarthritis Index for the series at the last follow-up was 9.6 points (4 to 14). No patient developed avascular necrosis or sustained a fracture of the femoral neck or any other complication.
These findings suggest that femoroacetabular impingement associated with paediatric hip disease can be treated safely by arthroscopic techniques.
Open resection of deformities of the femoral neck to improve the range of movement of the hip in skeletally mature patients after slipped capital femoral epiphysis (SCFE) with severe displacement was first described by Heyman, Herndon and Strong in 1957. 1 Nearly 30 years later Harris 2 demonstrated anatomical abnormalities in 90% of patients with the diagnosis of primary idiopathic osteoarthritis (OA). He divided the deformities into mild dysplasia and pistol-grip deformity. In 1993, Snow et al 3 reported anterior impingement of the hip secondary to the residual deformities of Perthes' disease in four patients and undertook arthroscopic debridement of cartilage and bone. Goodman et al 4 examined the relationship between OA of the hip and subclinical SCFE in 2665 complete human skeletons, and found that 215 (8%) had evidence of post-slip morphology. This was considered to be a major factor in the development of OA of the hip. The OA in this setting was characterised by anterior flattening of the acetabulum.
The concept of femoroacetabular impingement, which can be defined as abutment between the proximal femur and the anterior acetabular margin, was introduced by the Bernese group. 5, 6 Two types of femoroacetabular impingement have been described. Cam femoroacetabular impingement is caused by a non-spherical portion of the femoral headneck junction abutting against the acetabular rim in flexion. The resulting shear forces produce an outside-in abrasion of the acetabular articular cartilage, which is then avulsed from the labrum and the subchondral bone at the area of the anterosuperior rim. 5 Pincer femoroacetabular impingement is the result of linear contact between the acetabular rim and the femoral head-neck junction. The proximal femur may be normal in morphology and the abutment is the result of a deep or retroverted acetabulum. 7 The abnormal contact in flexion causes the acetabular labrum to fail. 5 It has been suggested that femoroacetabular impingement can cause a progressive degenerative process and lead to early OA of the hip. 5, 6, 8 Proximal femoral deformity secondary to disease of the paediatric hip is a cause of secondary impingement. In previous reports when no clear cause of the impingement has been apparent the condition has been referred to as a primary femoroacetabular impingement. [3] [4] [5] Treatment of impingement aims to improve the clearance during movement of the hip and to eliminate the abutment of the acetabular rim and the junction of the femoral head-neck. The use of open surgery to reshape the bone in cam and pincer impingement deformities has been described and is considered to be the standard treatment for these conditions. 5, 9 The application of hip arthroscopy to treat femoroacetabular impingement has received some attention with reports of early promising results. [10] [11] [12] We describe a prospectively studied consecutive series of young adults treated by arthroscopic decompression of an impingement deformity which was secondary to disease of the paediatric hip with a minimum follow-up of two years (2 to 4).
Our hypothesis was that an effective, reproducible and safe decompression of femoroacetabular impingement could be performed using an arthroscopic technique to reshape the proximal femur in the case of cam impingement and rim trimming in the case of pincer impingement, secondary to disease of the paediatric hip.
Patients and Methods
Between January 2003 and January 2004 we identified 13 patients (14 hips) with femoroacetabular impingement secondary to disease of the paediatric hip. Patients with impingement which could not be attributed to disease of the paediatric hip, or who had OA of grade 3 or worse according to the classification of the American College of Rheumatology, 13 were excluded. There were seven women and six men with a mean age of 30.6 years (24 to 39) in the study. In seven patients (53.8%) the right hip was affected, in five (38.5%) the left and in one (7.7%) the condition was bilateral. The primary diagnosis was SCFE in eight hips (57.1%) (one bilateral), Perthes' disease in four (28.6%) and developmental dysplasia of the hip in two (14.3%). In six of the seven patients (8 hips) with SCFE, previous surgery to stabilise the femoral head (one bilateral) had been performed. In three of the SCFE patients the fixation had been removed previously, and in the others it was still in situ. All patients gave their informed consent for inclusion in the study.
All complained of intermittent locking and catching at the hip and pain after sitting for long periods of time. At the pre-operative examination they all demonstrated a positive 'C' sign 14 and log-roll tests, 14 and pain was reproduced by applying internal rotation in different degrees of flexion of the hip. 14 The pre-operative and final range of movement at the most recent assessment was recorded by the research fellows (JMN-B, EA-R). Our follow-up routine for arthroscopy of the hip required attendance two weeks postoperatively, then at one, three and six months, and annually thereafter.
The imaging studies included anteroposterior (AP) and Lauenstein (frog lateral) pelvic radiographs in every patient, CT in 11 (84.6%), MR arthrograms in two (15.4%), 15 depending on the individual circumstances of each patient. No MR arthrograms were performed in patients who had metalwork from previous operations in situ or in those in whom the bony deformity was more suitable for identification by CT. Inverted polarity Western Ontario and McMasters Universities Osteoarthritis Index questionnaires 16 (where the least symptomatic patient will score 96 points) in Spanish were used for the clinical assessment of every patient before surgery, at the six-month review and at the last follow-up. These were completed independently by the patients without supervision from medical staff. Operative technique. Arthroscopy of the hip was performed in the lateral position on a fracture table with special accessories for traction (Maquet, Rastatt, Germany). An image intensifier was positioned to provide an AP view of the hip. Central compartment arthroscopy was performed using an anterolateral, posterolateral and direct anterior portal technique described elsewhere with traction applied. 16, 17 Peripheral compartment arthroscopy was performed without traction 17 with the hip flexed to 40˚, abducted and externally rotated; the arthroscope was introduced through the anterolateral portal to the anterior fem- Image-intensifier anteroposterior view of a left hip with a cam deformity secondary to Perthes' disease. The arthroscope is the lower instrument to the right of the image with the shaver tip immediately above it. The latter is used to reduce the lateral aspect of the cam deformity.
oral neck inside the joint capsule. 18 The working portal was established using triangulation with a spinal needle and guide-wire technique and further developed with a slotted cannula. In some cases an anterolateral inferior accessory portal was used. The cam deformity was identified at the periphery of the hip and further exposed by an arthroscopic anterior capsulectomy 10 ( Fig. 1) which was restricted to between the 12 and 6 o'clock positions to protect the vascularity of the hip. 11, 12 Once the cam lesion had been fully identified a 5.0 mm spherical burr at 6000 rpm (Smith and Nephew, Andover, Massachusetts) was used to reshape the head-neck junction. Throughout the procedure the lateral retinacular vessels were avoided. The hip was moved through a range of movement to visualise the anterior and lateral aspects of the femoral neck while being inspected with the image intensifier to ensure that there was adequate decompression of the cam lesion and to avoid excessive bone resection from the femoral neck (Fig. 2) . Resection in excess of 30% of the volume of the femoral neck was avoided as this has been shown to increase the risk of fracture of the femoral neck. 19 At the end of the arthroscopy those patients with retained hardware from previous surgery had it removed. The patients were allowed to move their hip freely post-operatively, but were limited to partial weight-bearing for six weeks.
The extent of the remodelling of the cam lesion was determined from the pre-and post-operative AP and Lauenstein radiographs and quantified by measurement of the alpha angle 20 on the pre-and post-operative lateral radiographs by JMN-B and EA-R. The mean follow-up was 2.3 years (2 to 4). Statistical analysis. This was performed using the SPSS version 10.0 for Windows software (SPSS Inc., Chicago, Illinois). The WOMAC scores were tested for a normal distribution using the Kolmogorov-Smirnov test. 21 Student's t-test was performed to establish differences between the means of pre-and post-operative WOMAC scores. The results were considered to be significant at p ≤ 0.05.
Results
No patient was lost to follow-up. Cam deformities were seen in all the patients and were confirmed arthroscopically. Only one patient (7.7%) had a combined cam and pincer impingement deformity. This patient had a SCFE with a complete anterior labral tear, anterior rim osteophyte and delamination of the anterior acetabular cartilage. The anterior osteophyte produced pincer femoroacetabular impingement. The osteophyte was exposed by removing the torn labrum and then resected using a burr while traction was applied to the hip. The large cam lesion in this patient was also remodelled according to the technique described previously (Fig. 3) . The two MR arthrograms showed the labral pathology in both patients.
At arthroscopy, delamination of the anterior acetabular articular cartilage and anterior marginal labral tears were found in every hip. All the labral tears were treated by partial resection of the damaged labral tissue. The hips with isolated cam impingement had fibrillated tears of the free margin of the labrum and were not suitable for repair. The patient with the combined cam and pincer impingement had an irreparable complex tear of the anterolateral labrum which was treated by resection. Cartilage delamination was treated by resection of unstable cartilage and microfractures of exposed subchondral bone.
Hypertrophic synovial tissue was found in the acetabular fossa in six patients (46%). Two of these had osteophytes at the margins of the acetabular fossa. The synovium was resected with a shaver and a radiofrequency probe and the osteophytes were removed with a spherical burr.
The patients with a past history of Perthes' disease had chondral defects which affected the femoral head. These were filled with fibrous tissue and surrounded by normal articular cartilage which extended over the rest of the femoral head.
The radiological measurements showed that the mean pre-operative alpha angle 20 in the lateral exposure was 74.21˚ (72˚ to 77˚). Post-operatively the mean alpha angle on the lateral exposures was reduced to 44.92˚ (41˚ to 65˚). In 13 hips (92.9%) the post-operative films in two projections showed complete remodelling of the cam lesion (Fig.  4) . In one patient with a SCFE incomplete remodelling was achieved with a residual alpha angle of 65˚. There was no change in the joint space seen between the pre-operative hip radiographs and the latest post-operative films.
In nine patients (69.2%) limited movement was the main pre-operative complaint. In eight with SCFE the hip was in external rotation which increased as the hip was flexed. None of these patients could achieve any internal rotation and seven could only flex the hip to 80˚. Two of the patients (15.4%) with Perthes' disease lacked any internal rotation and had flexion of less than 90˚. The remaining two patients (15.4%) with Perthes' disease had internal rotation of less than 10˚ but were able to flex their hips to more than 90˚. The patients with developmental dysplasia of the hip had no reduction in their range of movement.
At the final follow-up all the patients with SCFE could flex to more than 90˚ and six of these had internal rotation of up to 5˚ in flexion and extension. The other other patients with SCFE were able to position the hip in neutral rotation in flexion and extension. The patients with incomplete remodelling of the cam femoroacetabular impingment secondary to SCFE also obtained an improvement in their range of flexion of more than 90˚ and neutral internal rotation.
The patients with Perthes' disease were able to flex their hip to more than 90˚ and had internal rotation of up to 10i n flexion and extension. There were no changes in range of movement in the patients with developmental dysplasia of the hip.
The mean pre-operative WOMAC score was 77.7 points (74 to 82) and the mean score at the last follow-up was 87.4 (80 to 94). The mean WOMAC increment at the last follow-up was 9.6 points (4 to 14) (95% CI 7.2 to 12.1; Student's t-test, p = 0.0001).
No patient developed a fracture of the femoral neck or avascular necrosis and there were no infections or neurovascular complications.
Discussion
Deformity of the hip has been shown to cause OA. [2] [3] [4] Femoroacetabular impingement has been implicated as contributing to the process of arthritis. 22 Open remodelling of this by careful dislocation of the hip while protecting the lateral retinacular vessels has been described. 5 The mid-term results of this treatment have been reported mainly for primary impingement. In a series of 19 patients with a mean follow-up of 4.5 years (4 to 5.2) and a mean age of 36 years (21 to 52) treated by open reshaping of the head-neck junction, five subsequently required a total hip replacement (THR), but no patient sustained a fracture of the femoral neck or developed avascular necrosis of the hip. 23 Murphy et al 24 reported a series of 23 patients treated by open surgery with a mean age of 35 years (17 to 54) and a minimum follow-up of two years. Only one had isolated pincer femoroacetabular impingement and the rest all had cam or combined impingement. In 12 patients the diagnosis was primary impingement and the remainder had seconday impingement. In four patients this was because of previous trauma (two cases of traumatic subluxation, one malunion of a Pipkin fracture and one malunion of a fracture of the femoral neck), in four because of developmental dysplasia of the hip, 1 in one from SCFE, one from Perthes' disease and one from osteochondromatosis. In their series, seven patients required a THR at six years and no patient had a fracture of the femoral neck or avascular necrosis. Weiland and Philippon 11 published a technical description of the use of a burr under arthroscopic control to reduce the cam lesion in femoroacetabular impingement in the peripheral compartment without traction and a limited capsulectomy to expose the cam lesion while preserving the vascularity of the hip. They also described an arthroscopic technique to treat pincer femoroacetabular impingement by resection of the excessive anterior cover of the acetabular rim with an osteotome and labral reattachment by suture-anchors. The results were not presented in this technical description. Other similar reports have also been described, 10, 12 and the place of arthroscopic surgery of the hip has recently been reviewed by Khanduja and Villar. 25 We believe that our study is the first to report arthroscopic treatment of femoroacetabular impingement secondary to disease of the paediatric hip. We were successful in restoring the geometry of the hip in 13 of the 14 hips (92.9%) without any complications. All our patients obtained an improvement in clinical outcome using the WOMAC score and within the short period of follow-up we found no evidence of radiological progression of OA. This may be because the main complaint in our series was limited movement with occasional mechanical symptoms in patients without advanced OA. The patients in our series were younger than these treated in previously mentioned studies.
We recognise that the WOMAC index has not been designed to evaluate arthroscopy of the hip and that other specially designed scores have been previously validated and published for this purpose. 26, 27 However, the latter have not been validated in Spanish.
A longer follow-up of a larger series of patients is needed to evaluate the results of open and arthroscopic treatment of femoroacetabular impingement in order to determine the impact of decompression procedures in the progression of OA of the hip. 
